Abstract. Complexdielectric permittivity ε * (ω) = ε (ω) − jε " (ω)of the binary mixtures of the methyl iso butyl ketone and dimethyl silicone fluid in the frequency range 100 Hz to 2 MHz were measured using precision LCR meter at 303.15 K temperature.ComplexmodulusM * (ω) and complex conductivity σ * (ω)were calculated using the dielectric function ε * (ω). Ionic polarization relaxation time (τ ) and D.C. conductivity (σ ) were also calculated using modulus and conductivity spectra respectively. Modulus and conductivity spectra are used to gain information about the effect of concentration variation of components of the mixtures on the electrical properties.
INTRODUCTION
Recently, we reported complex permittivity data, in the frequency range of 20 Hz to 2 MHz, of the binary mixtures of methyl iso butyl ketone (MIBK) and dimethyl silicone fluid (DMSF) at 303.15 K temperature [1] . This study provided the information about the effect of concentration variation of the mixtures on the dielectric properties, relaxation processes and polarization phenomena taking place under the effect of AC electric field. It was also observed that the dielectric constant and dielectric loss spectra for higher concentration of MIBK (0.000 ≤ XA≤0.340) were dominated by electrode polarization effect. This effect masks the effect of conductivity relaxation in the dielectric constant and dielectric loss spectra. However, conductivity relaxation effect can suitably analyzed within the modulus formulation in terms of dimensionless quantity M * (ω) [2] . Presence of unidentified ionic and charge contaminants in the pure MIBK and higher concentration were confirmed in our earlier study [1] . Therefore, ac/dc conductivity and conductivity relaxation behavior of binary mixtures of MIBK and DMSF is also investigated in this study using complex ac conductivity σ * (ω) formalism.
EXPERIMENTAL DETAILS
Chemicals DMSF (With 350 Centistokes Viscosity) and MIBK (AR Grade) were obtained from Narayan Cooperation Pvt. Ltd. (India) and A.C.S. Chemicals Pvt. Ltd. (India) respectively. Chemicalswere used without purification for measurements. Sixteen different samples of the binary mixtures of MIBK and DMSF were prepared by weight fraction (X A ) using digital analytical balance meter and have an accuracy of± 0.0001 g. Complex permittivity of liquid samples were measured using an agilent E-4980 precision LCR meter in the frequency range 100 Hz to 2 MHz at 303.15 K temperature.Sample holderused for filling the samples, was designed in our laboratory and fabricated by a local fabricator.Details of the sample holder used measurement of complex permittivity are stated in reference [1] . Electrical parameters such as complexmodulusM * (ω) and complex conductivity σ * (ω)were determined from dielectric complex dielectric function ε * (ω) = ε (ω) − jε " (ω) using relation [3] .
RESULT AND DISCUSSION
Frequency and concentration dependent real and imaginary parts of complex electrical conductivity σ * (ω) for the binary mixture of MIBK and DMSF at 303.15 K temperature are shown in FIGURE 1 (A) and (B).The value ofσ'(ω) remains constant up to 10 6 Hz for pure MIBK and for higher concentration of MIBK in DMSF, it decreases beyond 10 6 Hz.The real part of conductivity spectra σ (ω) have frequency independent plateau in the lower frequency region as shown in FIGURE 1, which corresponds to the dc electrical conductivity(σ ) [4] . The value of σ is tabulated in [5] [6] [7] . For pure MIBK and higher concentration of MIBK (0.000 ≤ X A ≤0.240)σ " (ω) plot exhibits a minima around 500 Hz frequency. The frequency corresponding to the minima of σ " (ω) is nearly equal to the frequency corresponding to tan δ peak value for the given sample (Inset of  FIGURE 1(B) ). For mid concentration range of MIBK, (0.286 ≤ X A ≤ 0.655) σ " (ω) values are found to increase linearly with frequency. In the low concentration range of MIBK (0.701 ≤ X A ≤ 1.000) σ " (ω) values remains constant through out the frequency range. " (ω) spectra shows a peak in the high frequency region in FIGURE 2(B). The peak is shifted from high frequency region to low frequency region as the concentration of MIBK decreases in DMSF. These peaks are observed owing to the conductivity relaxation process taking place in the mixtures. Ionic conduction relaxation time is calculated using the relation τ = (2πf ) where f = Frequency corresponding to M" max [5, 7] . Ionic conduction relaxation time for all the concentration is tabulated in TABLE 1. Ionic conduction relaxation time increases as the concentration of MIBK decreases in DMSF. Ionic conduction relaxation time for MIBK and for higher concentration of MIBK is low because of the lower value of viscosity and density of the liquid samples. The observed results of (Inset of Figure 2 (B)) modulus spectra for the binary mixtures of MIBK+DMSF are scaled to a common master curve which suggests that the relaxation dynamics of charge carrier follows a common mechanism [3] .
FIGURE 3Complex modulus spectra for MIBK +DMSFmixtures.
FIGURE 4
Complex impedance spectra for MIBK + DMSF mixtures. 3 . The plot exhibits semicircle Debye type arcs for pure MIBK, DMSF and for their binary mixtures. FIGURE 4 represents complex impedance spectra (Z" versus Z' plots) for the binary mixtures of DMSF in MIBK. The plot show Debye type semicircular arc for all the binary mixtures. The intercept of the arc on the real axis on the low frequency side gives the bulk resistance R b of the material [8] . Determined values of the bulk resistance R b are presented in TABLE 1. These values of the bulk resistance (R b ) can also be used to calculate dc conductivity (σ ) and ionic conduction relaxation time (τ ) using relations σ = [8] and τ = R ε C [9] respectively where, A = surface are of the cell, t g = thickness of the cell, ε = static permittivity and C = capacitance of the empty cell. We have determined σ and τ using these relations and they are reported in TABLE 1. From the TABLE 1, it can be seen that the determined values of σ using σ'(ω) spectra and Z" → Z' plots as well as τ values obtained from M"(ω) spectra and Z" → Z' plots are in close agreement.
CONCLUSION
The real part of conductivity spectra σ (ω) have frequency independent plateau in the lower frequency region, which corresponds to the dc electrical conductivity(σ ). The frequency corresponding to the minimum of σ " (ω) is nearly equal to the tan δ peak which indicates σ " (ω) can be used to understand EDLs dynamics in the dipolar liquids. Real part of modulus M (ω) and real part of permittivity ε (ω)shows inverse behavior. Ionic conduction relaxation time for MIBK and for higher concentration of MIBK is low because of the lower value of viscosity and density of the liquid samples. The modulus spectra for the binary mixtures of MIBK+DMSF are scaled to a common master curve which suggests that the relaxation dynamics of charge carrier follows a common mechanism. Complex modulus spectra and complex impedance spectra exhibits semicircle Debye type arcs for all the binary mixtures. Determined values of σ using σ'(ω) spectra and Z" → Z' plots as well as τ values obtained from M"(ω) spectra and Z" → Z' plots are in close agreement.
